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A Gas Chromatographic Method for the Determination of

olatile Flavours from Foodstuffs

ERKKI HONKANEN and PERTTI KARVONEN

Laboratory of the F. undation jor Chemical Research, Biochemical Institute, Helsinki, Finland

A semiguantitative gas chromatographic micromethod is described
for the determination of the higher-boiling flavour substances from
liquid foodstuffs. Tho method is based on vacuum stcam distillation
and extraction of the flavour compounds, followed by an accurate
concentratjon of tho oxtract to a known final volume, which contains
tho flavour compounds in ahout a thousandfold the concentration of
the original sample. This concentrate has been used in tho quantita-
tive gas chromatographic analyses. Tho method is snitable for con:
contrations of 5 ug-10 mg per litre and a recovery of about 50 —90 9,
is obtained for compounds boiling at 100 —250°C at ordinary pressure.

The quantitative isolation and determination of volatile flavour substances

is very difficult and for the present only a partially solved prohlem. Most
methods are based on the distillation of the flavours with steam, at ordinary
“or reduced pressure, and collection of the. distilled substances and water in
soveral cooling traps. The flavour compounds are then fed to a gas chromato-
graph column cither dircetly or after extraction and indefinite coneentration.
These methods, however, only give a qualitative picture of the flavour spectrum
and their value is|limited to the routine checking of the flavour of foodstuffs.

Tne method presented here is not new in principle. It is developed and
modified from the earlier methods, chiefly from the works of Weurman !
and Strating et al|? The liquid sample was distilled in the special distillation
apparatus shown in Fig. 1 at reduced pressure. This evaporator type distilla-
tion apparatus was found to be more effective than the normal vacuum steam
distillation apparatus. The vapours were condenscd in receivers, one at 0°C
and two at —70°C) When nccessary, the third trap was placed in liquid nitrogen
for the collection |of the lowest-boiling compounds. The distiliate was then
extracted with a mixture of pentane-ether (or with ethyl chloride) and the
extract concentrated to a known final volume. This concentrate contains the
ﬂavm]u' substances in about a thousandfold the concentration of the original
sample. A
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Fig. 1. Diagram of the distillation apparatus.

Recovery of flavour substances with boiling points of 100—250°C (at ordi-
nary pressure) and with partition coefficients greater than 1 in the solvent
system pentane-ether/water (satur. with NaCl) is fairly good. By using a liquid
nitrogen trap in the distillation process and ethyl chloride as the extraction
solvent, it is possible to reduce the losses of the lower (< 100°C) boiling com-
pounds considerably. We have performed some distillations from water and
milk, to which several organic compounds (esters, higher alcohols, carbonyl

- compounds, ete.) have been added (10—10 000 ugylitre). On distillation from
water a recovery of 70—90 %, was obtained for the higher-boiling compounds
(150—250°C) and 50—70 9, for the lower-boiling compounds (100—150°C),
using only ice and two dry-ice traps, with pentane-ether as the extraction
solvent. From milk, which contains 4—5 %, of fat, the percentage recovery
decreases very rapidly with increase of the molecular size. For examplo, only
15 9, of the added cthyl decanoate was found in the concentrate. It is possible,
however, qualitatively to demonstrate 10 ug of added cthyl decanoate from one
litre of milk. The recovery of compounds with boiling points of 100—150°C
from milk was about the same as from water.

This method is suitable for concentrations of 5 ug — 10 mgjlitre (0.005—10
ppm). If the sample contains more than 10 mg/litre of a flavour compound,
the sample must first be diluted with pure water. For the determination of
carbonyl compounds we have modified this method so that the distilled car-
bonyls were converted directly after distillation with 2,4-dinitrophenylhydra-
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Fig. 3. A Widmer column distillation
apparatus for the concentration of the
flavour extract. The detachable and
graduated tube at the lower end of the
apparatus is placed in a thermostat (30°C
or 60°C for ethyl chloride and pentane-
ether, respectively) and closed with a
Teflon stoner when the desired final

volume has been reached. .

level in the apparatus remained constant. The distillates in the traps were transferred
to a separatory funnel (no grease should be used in the stopcocks) and the traps washed,

first twice with 50 m! of pure

water and then once with 50 ml of & mixture of pentane-

ether. (1:1). After addition of pure sodium chloride the organic layer was separated and
the aqueous solution extracted once again with 50 ml of pentane-ether. The combined

column distillation apparatus

m sulphate (5 g), filtered and concentrated in a Widmer

(Fig. 3) to a final volume of 250 ul. A known quantity

(10—50 ul) of this concentrate was fed into the gas chromatographic column from a

U-tube by means of a 4-way v

alve (Fig. 4, 5). A "Fraktometer” of the Perkin Elmer Co.

with a flame ionization detector, a column K" (polyethylene glycol, 600 cm, i.d. 4.5 mm)
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Fig. 4, The deeign of the 4-way sample inlet valve.

of a suitablo referpnce compound to the sample before distillation and calculate the
amount of other compounds on the basis of the area of the reference geak.

. For determination of the carbonyl compounds a total of 100 ml of 2,4-dinitrophenyl-
hydrazine solution was added to the traps after distiliation. The solutions from the traps
were transferred tq a separatory funnel and the irnps washed, first twice with 50 ml of"

ure water and then with 50 ml of carbonyl-free benzene. After the solution had stood
or one hour at room temperature, the benzene layer was separated and the aqueous
solution extracted twice with 25 ml of benzene. The 2,4-dinitrophenylhydrazones formed
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FPig, 5. Photograph| showing the location of
the sample inlet valve in the gas chromato-
graphy| apparatus.
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Schwartz et al? The pure 2,4-dinitro henylhydrazones
tric flask and 10—100 gl of this
be. Ether was evaporated by bubbling air through the
on of a-ketoglutaric acid was then added and the ether
bible. The U-tube was then fastened to the 4-way valve
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nyl compounds were then eluted from the U-tube (in

the valve.
nts and apparatus, a blank was made first by distilling

pure water (250 ml) in the distillation apparatus.
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